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cCT and MRI Center, Lusi Wong Early Lung Cancer Screening Program, Toronto, Ontario, CanadaAbstractPurpose: To compare the incidence of respiratory artifact in computed tomography (CT) coronary angiography performed with 64-row and
320-row multidetector scanners and to assess its effect on coronary evaluability.
Methods: A retrospective review of consecutive coronary angiograms performed on a 64-row multidetector CT from March to April 2007
(group 1: 115 patients, 63 men; mean age [standard deviation] 59.6  12.8 years) and on a 320-row multidetector CT from March to April
2008 (group 2: 169 patients, 89 men; mean [SD] age 57.9  11.6 years). Two cardiac radiologists assessed the occurrence of respiratory
artifact and coronary evaluability in studies with respiratory artifacts. Unevaluable coronary segments because of motion at the same
anatomical level of the respiratory artifact were considered unevaluable because of this artifact. The association between the occurrence of
respiratory artifact and patient biometrics, medication, and scan parameters was examined.
Results: Respiratory artifacts were detected in 9 of the 115 patients from group 1 (7.8%) and in none of the 169 patients from group 2
(P < .001). Group 1 had longer scan times (median, 9.3 seconds; range, 7.514.4 seconds) compared with group 2 (median, 1.5 seconds;
range, 1.13.5 seconds; P < .001). In group 1, 4 patients (3.5%) showed unevaluable coronary segments because of respiratory artifacts, and
the CT coronary angiography was repeated in 1 patient (0.9%).
Conclusions: Respiratory artifacts are important in CT coronary angiography performed with 64-row multidetector scanners and impair the
diagnostic utility of the examination in up to 3.5% of the studies. These artifacts can be virtually eliminated with a faster scan time provided
by 320-row multidetector CT.Abre´ge´Objet: Comparer l’incidence des artefacts respiratoires en coronarographie par tomodensitome´trie re´alise´e a` l’aide de scanners multibarrettes
a` 64 et 320 barrettes et e´valuer leurs effets sur la capacite´ d’e´valuation coronarienne.
Me´thodes: Une analyse re´trospective de coronographies conse´cutives re´alise´es a` l’aide d’un scanner multibarrettes a` 64 barrettes de mars a`
avril 2007 (groupe 1 : 115 patients, dont 63 hommes; aˆge moyen [e´cart type] de 59,6  12,8 ans) et d’un scanner multibarrettes a` 320
barrettes de mars a` avril 2008 (groupe 2 : 169 patients, dont 89 hommes; aˆge moyen [e´cart type] de 57,9  11,6 ans). Deux radiologistes
cardiaques ont e´value´ la pre´sence des artefacts respiratoires et la capacite´ d’e´valuation coronarienne des examens comportant des artefacts
respiratoires. Les segments coronariens impossibles a` e´valuer en raison d’un mouvement au niveau anatomique de l’artefact respiratoire
e´taient conside´re´s comme e´tant impossibles a` e´valuer en raison de cet artefact. Les liens entre la pre´sence d’un artefact respiratoire et les
caracte´ristiques biome´triques, les me´dicaments et les parame`tres d’imagerie du patient ont e´te´ examine´s.* Address for correspondence: Felipe S. Torres, MD, Division of Cardiothoracic Imaging, Department of Medical Imaging, Toronto General Hospital, 585
University Avenue, Toronto, Ontario M5G 2N2, Canada.
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6 F. S. Torres et al. / Canadian Association of Radiologists Journal 61 (2010) 5e12Re´sultats: Des artefacts respiratoires ont e´te´ de´cele´s chez neuf des 115 patients du groupe 1 (7,8 %) et aucun des 169 patients du groupe 2
(P < 0,001). Le groupe 1 pre´sentait un temps de balayage plus long (me´diane, 9,3 secondes; e´tendue, de 7,5 a` 14,4 secondes) com-
parativement au groupe 2 (me´diane, 1,5 seconde; e´tendue, de 1,1 a` 3,5 secondes; P < 0,001). Au sein du groupe 1, quatre patients (3,5 %)
pre´sentaient des segments coronariens impossibles a` e´valuer en raison d’artefacts respiratoires, et la coronarographie par tomodensitome´trie
a e´te´ reprise chez un patient (0,9 %).
Conclusions: Les artefacts respiratoires jouent un roˆle important dans la coronarographie par tomodensitome´trie re´alise´e a` l’aide de scanners
multibarrettes a` 64 barrettes et diminuent l’utilite´ diagnostique de l’examen dans jusqu’a` 3,5 % des cas. Ces artefacts peuvent eˆtre prati-
quement e´limine´s graˆce au temps de balayage plus court que permet un scanner multibarrettes a` 320 barrettes.
 2010 Canadian Association of Radiologists. All rights reserved
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Clinical and demographic characteristics of patients according to
MDCT group
Group 1 (64 row)
(N ¼ 115)
Group 2 (320 row)
(N ¼ 169)
P
value
Age (y) .17a
Mean (SD) 59.6  12.8 57.9  11.6
Median 60.0 58
Range 24-84 20-93
Sex (no. [%] patients) .73b
Women 52 (45) 80 (47)
Men 63 (55) 89 (53)
BMI (kg/m2) .57c
Mean (SD) 27.8  5.5 28.4  6.0
Median 26.9 27.2
Range 16.2-51.5 17.8-58.6
Asthma and/or COPD
(no. [%] patients)
.43b
Yes 8 (7) 8 (5)
No 107 (93) 161 (95)
Use of beta-blocker
(no. [%] patients)
.001b
Yes 64 (56) 127 (75)
No 51 (44) 42 (25)
HR (bpm) .011c
Mean (SD) 60.1  8.6 57.3  8.8
Median 59.0 56.2Since the introduction of multidetector computed
tomography (MDCT), computed tomographic (CT) coronary
angiography has emerged as a useful test to evaluate patients
with coronary artery disease, mainly because of its high
negative predictive value [1]. The diagnostic accuracy of this
test is dependent on multiple parameters, including the
physical characteristics of the CT unit in terms of detector-
row configuration and maximal temporal resolution [2]. The
key to achieving a high level of vessel evaluability in CT
coronary angiography is to produce motion-free images of
the coronary arteries [3]. As a consequence, there has been
considerable focus on achieving a low heart rate (HR) (<65
beats per minute [bpm]) by using oral or intravenous beta-
blockade [2e4]. However, there has been little attention
directed to an additional source of motion artifact during CT
coronary angiography, namely the presence of respiratory-
motion artifact (RA).
RAs are common during CT coronary angiography per-
formed with 4- and 16-row MDCT units [5,6] because of the
associated prolonged breath hold times of 30e40 seconds
and 20 seconds, respectively. With advances in MDCT
technology, the scan duration has shortened to less than 10
seconds with 64-row MDCT, but respiratory motion may still
occur in approximately 8% of studies despite careful
coaching of patients before and during acquisition [7]. The
introduction of 320-row MDCT has enabled whole-heart
volumetric acquisition in a single gantry rotation, with
a significant reduction in total scan time [8]. The elimination
of table movement coupled with faster scan times may
decrease or even eliminate artifacts because of body and
respiratory motion, potentially improving the diagnostic
value of the study.
The purpose of this study was to compare the incidence of
RA in CT coronary angiography performed with 64- and
320-row MDCT and to assess any adverse effects on coro-
nary-vessel evaluability.Range 44.6-92.7 36.6-96.6
Scan duration (seconds) <.001c
Mean (SD) 9.4  0.91 1.72  0.45
Median 9.3 1.5
Range 7.5-14.4 1.1-3.5
a Independent samples t test.
bc2 test.
c Mann-Whitney test.Materials and Methods
A retrospective review of clinical patients referred by
cardiologists for CT coronary angiography to evaluate native
coronary artery disease was performed.PatientsGroup 1 consisted of 115 consecutive patients examined,
between March 1 and April 30, 2007, by using 64-row
MDCT: 63 patients were men (54.8%), the mean (standard
deviation [SD]) age was 59.6  12.8 years, and the mean
(SD) body mass index (BMI) was 27.8  5.5 kg/m2. Group 2
consisted of 169 consecutive patients examined, between
March 1 and April 30, 2008, by using 320-row MDCT: 89
patients were men (53%), the mean (SD) age was 57.9 
11.6 years, and the BMI was 28.4  6.0 kg/m2 (Table 1).
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angiography if they had severe renal dysfunction (creatinine
clearance of <30 mL/min/1.73m2; normal value, >90 mL/
min/1.73m2), contraindications to iodinated contrast
medium, were unable to provide consent for the procedure
or, for group 1 only, were unable to breath hold for less than
10 seconds. This study was approved by the institutional
review board, and individual patient consent was not
required.Patient PreparationAll patients were admitted to a dedicated assessment area
where they were screened for contraindications to the
procedure. If a recent 12-lead electrocardiogram (ECG) was
unavailable, then a preprocedural ECG was performed. All
patients had extensive coaching in breathing instructions,
both from the screening cardiac nurse and the cardiac CT
technologist. The instructions included a detailed explana-
tion of the procedure and the importance of breath holding
during the scan. The patients also practiced 2 breath holds,
each 10 seconds in duration, before entering the CT scan
room. A language translator was available as required, and
the CT unit was preprogrammed to deliver breathing
instructions in any of 9 different languages as needed.
Patients received an oral beta-blocker (metoprolol 50e150
mg) 1 hour before the study as required, to achieve a resting
HR of <65 bpm. Additional intravenous metoprolol (5e20
mg) was administered to the patient on the scan table if the
HR remained 65 bpm. All the patients had an initial cardiac
CT to assess coronary artery calcium burden and, unless
contraindicated, received 300 mcg of sublingual nitroglyc-
erin immediately before CT coronary angiography.Equipment and Scan Protocol
Group 1
CT coronary angiography was performed on a 64-row
MDCT (Aquilion 64; Toshiba Medical Systems, Tochigiken,
Japan) by using a minimum gantry rotation time of 350
msec; retrospective ECG gating, with a half scan or multi-
segment acquisition, depending upon HR; a beam collima-
tion of 64  0.5 mm; a constant tube potential of 120 kVp;
a weight-adapted tube current (300 mA, weight < 60 kg; 350
mA, weight ¼ 60e69 kg; 400 mA, weight ¼ 70e79 kg; 500
mA, weight 80 kg); and a craniocaudal scan direction. Two
breath-hold calibrations, each lasting 10 seconds, were
performed before contrast injection to achieve optimal
synchronization of the CT gantry rotation and pitch to the
patient’s HR.
Group 2
CT coronary angiography was performed on a 320-row
MDCT (Aquilion ONE; Toshiba) by using a minimum
gantry rotation time of 350 msec, a collimation of 320  0.5
mm, prospective ECG gating, a constant tube potential of
120 kVp, and a BMI adapted tube current (370 mA, BMI<18.5 kg/m2; 440 mA, BMI 18.5e24 kg/m2; 510 mA, BMI
25e29 kg/m2; 580 mA, BMI 30 kg/m2). Two breath-hold
calibrations, each lasting 10 seconds, were performed before
contrast injection to achieve optimal synchronization of the
CT gantry rotation to the patients’ HR. During this
synchronization period, the phase window (PW) of the
acquisition, defined as the fraction of the R-R interval
during which the x-ray tube is activated [8], was deter-
mined. The PW was stratified according to the HR as
follows: HR 65 bpm, PW from 40% of the R-R interval to
the next R wave (40%-R); HR at 60e64 bpm, PW from
60%-R, and HR <60 bpm, PW from 70%-R. If the HR
during data acquisition varied more than 20% from the
breath-hold calibration, then the CT coronary angiography
data were acquired over 2 heart beats to achieve a lower
effective temporal resolution by using multisegment recon-
struction [8].Contrast Injection ProtocolThe contrast injection protocol was similar in both groups.
A bolus-tracking technique was used to trigger image
acquisition 5 seconds after the target attenuation threshold of
180 Hounsfield Units (HU) was reached in a prescribed
region of interest within the descending thoracic aorta. An
18-gauge intravenous catheter was inserted preferentially
into the right antecubital vein, and nonionic, isosmolar,
iodinated contrast agent (Iodixanol 320 mg/mL; GE
Healthcare, Ontario, Canada) was injected by using a tri-
phasic protocol (1st phase: iodixanol; 2nd phase: mixture of
30% iodixanol and 70% saline solution; 3rd phase: saline
solution) with a dual power injector (Stellant D CT Injector;
Medrad, Indianola, PA). The injection rate and the volume of
injected contrast agent varied according to patient body
weight (<60 kg, 75 mL at 4 mL/s; 60 to <80 kg, 95 mL at 5
mL/s; 80 to <100 kg, 120 mL at 6 mL/s, and 100 kg, 150
mL at 7 mL/s).Image Reconstruction and Analysis
Group 1
The image raw data were reconstructed into 0.5-mm
sections with 0.3-mm overlap for evaluation of coronary
artery segments (CS) by using the following protocols:
(1) 10% intervals of the cardiac cycle (R-R interval),
(2) a fixed temporal window at 75% of the R-R interval,
(3) a proprietary ‘‘best phase’’ segmental motion assessment
software (Phase Exact; Toshiba), and (4) a manual determi-
nation of the best phase performed by the CT technologist.
Additional reconstructions (5%e10% intervals) were per-
formed as required to achieve motion-free diagnostic images
of the CS. These images were reconstructed by using a 21.7
 21.7-cm field of view (FOV) and filter kernels for soft
tissue (FC02 and FC04). Image reconstructions were also
performed at 75% of the R-R interval, 32  32-cm FOV with
a lung kernel (FC03) for evaluation of respiratory motion and
lung disease.
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The raw data were reconstructed into 0.5-mm sections,
with 0.25-mm overlap for evaluation of CS by using the
following protocols: (1) 5% intervals of the cardiac cycle
within the selected PW, (2) a fixed temporal window at 75%
of the R-R interval, (3) a proprietary ‘‘best phase’’ segmental
motion assessment software (Phase Exact; Toshiba), and
(4) a manual determination of the best phase performed by the
CT technologist. Additional reconstructions (1%e5%
intervals) were performed if necessary to achieve motion-
free diagnostic images of the CS. These images were
reconstructed by using a 21.7  21.7-cm FOV and filter
kernels for soft tissue (FC02 and FC04). Image recon-
structions were also performed at 75% of the R-R interval,
32  32-cm FOV with a lung kernel (FC03) for evaluation
of respiratory motion and lung disease. All reconstructed
images were stored in a digital picture archiving and
communications system (Fusion eFilm v2.1; Merge
Healthcare, Milwaukee, WI), and these were available for
the retrospective review used in this study.Image InterpretationThe transaxial images reconstructed with a lung kernel
were evaluated by using a consensus review that involved
a cardiac imaging fellow (F.S.T.) and a subspecialty trainedFigure 1. (AeD) A 24-year-old man with RA. (A) Transaxial image shows do
reformatted image clearly shows the stair-step artifact at the same anatomical lev
shows severe blurring of the left anterior descending coronary artery (arrow). (D) C
anterior descending coronary artery because of respiratory artifact.cardiac radiologist (N.P., board-certified radiologist 8 years
postecardiac fellowship training) on a dedicated 3-dimen-
sional (3D) postprocessing workstation (Vitrea; Vital Images,
Plymouth, MN) to assess for respiratory artifact. The trans-
axial lung reconstruction images were reviewed for the
presence of breathing motion, defined by blurring and/or
doubling of vessels and bronchial walls on transaxial images
in lung segments other than or in addition to the right middle
lobe and lingula (Figure 1A). If breathing motion was
detected, then additional sagittal reformatted images were
assessed for the presence of stair-step artifacts in the chest
wall (Figure 1B). The occurrence of RA was defined by the
association of both breathing motion detected in the trans-
axial images and stair-step artifact in the chest wall detected
in the sagittal reformatted images at the corresponding
anatomical level (Figure 1A and B).
To determine the influence of RAs on motion-free
demonstration of the vessel wall in patients presenting with
RA, all CS that were >1.5 mm were systematically analysed
by using a 19-segment model, modified from the 15-segment
model of the American Heart Association [9] by adding
segment 16 for the distal half of the circumflex coronary
artery; segment 17 for a ramus intermedius, when present; and
segments 18 and 19 for additional obtuse marginal branches,
when present [10]. The CS of patients presenting with RAwere
classified by the same 2 cardiac radiologists by consensusubling of vessels and bronchial walls in both lungs (arrows). (B) Sagittal
el of (A) (arrows). (C) Transaxial image at the same anatomical level of (A)
urved planar reconstructed image shows unevaluable segment in the mid left
Table 2
Clinical and demographic characteristics of 115 patients from group 1
(64-row MDCT) according to the occurrence of RA
No RA
(N ¼ 106) RA (N ¼ 9) P valuea
Age (y) .78b
Mean (SD) 59.6  12.5 59.0  17.1
Median 60.0 61.0
Range 24-84 24-79
Sex (no. [%] patients) 1.00d
Women 48 (45) 4 (44)
Men 58 (55) 5 (56)
BMI (kg/m2) .75c
Mean (SD) 27.6  5.4 29.2  6.8
Median 26.9 27.2
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(no artifacts, unrestricted evaluation), (2) good (minor arti-
facts, good diagnostic quality), (3) adequate (moderate arti-
facts but still acceptable for routine clinical diagnosis), and
(4) poor evaluability or unevaluable (severe artifacts impairing
evaluation). Coronary segments classified as 4 were also
further classified as the following: (4a) unevaluable because of
motion artifact, (4b) unevaluable because of calcification, or
(4c) unevaluable because of other reasons (such as the pres-
ence of a stent). Segments identified in the same anatomical
level of the RA, based on the transaxial and sagittal refor-
matted images, and classified as 4a were considered uneva-
luable because of RA (Figure 1C and D).Range 16.2-51.5 21.5-42.6
Asthma and/or COPD 1.00dStatistical Analysis
(no. [%] patients)
Yes 8 (8) d
No 98 (92) 9 (100)
Use of beta-blocker
(no. [%] patients)
1.00d
Yes 59 (56) 5 (56)
No 47 (44) 4 (44)
HR (bpm) .13c
Mean (SD) 59.8  8.4 64.5  9.9
Median 58.8 64.8
Range 44.6-92.7 51.5-80.8
Scan duration (seconds) .45c
Mean (SD) 9.3  0.91 9.6  0.96
Median 9.3 9.5
Range 7.5-14.4 8.5-11.5
aP values for comparison between the group with RA and the group with
no RA.
b Independent samples t test.
c Mann-Whitney test.
dc2 test.Key demographic and clinical variables were described by
using mean, median, SD, and range (numeric variables) or
frequency and percentage (categorical variables). Effective
dose estimates were described by using mean (SD) and were
calculated by using the dose-length product displayed on the
console after each examination multiplied by an organ
weighting factor for the chest (0.014 mSv  [mGy  cm]e1)
[12].
The independent samples t test was used to compare the
mean age in those who did and did not experience respiratory
artifacts within each group and between groups. The Mann-
Whitney test was used to compare BMI, HR, and scan
duration (seconds) in individuals who did and did not
experience RA. The association between the incidence of
respiratory artifact, sex, history of asthma, or chronic
obstructive pulmonary disease (COPD) and beta-blocker use
was examined by using the c2 test.
Results
Both groups were similar for age, sex, BMI, and asthma
and/or COPD (Table 1), and all of the patients were able to
perform a breath hold for at least 10 seconds. Beta-blocker
usage was greater in group 2 compared with group 1 (75% vs
56%, respectively, P ¼ .001), and the median HR was lower
in group 2 compared with group 1 (56.2 bpm vs 59.0 bpm,
respectively; P ¼ .01). In group 1, the mean (SD) dose of oral
beta-blocker used was 89  31.5 mg, and no patient received
additional intravenous metoprolol. In group 2, the mean (SD)
dose of oral beta-blocker used was 99.8  29 mg, and 17
patients (10%) received supplementary intravenous meto-
prolol at a mean dose of 15.8 mg.
Group 1 had longer scan times compared with group 2
(median 9.3 seconds vs 1.7 seconds, respectively, P < .001).
In 34 patients of group 2 (21.4%), because of increased HR
variability from the time of breath-hold calibration to scan-
ning, the CT coronary angiography data were acquired over
2 heart beats. The mean (SD) effective dose in group 1 was
20.1  5.8 mSv and in group 2 was 8.9  5.3 mSv.
In group 1, RA was detected in 9 of 115 patients (7.8%),
and the coronary segments of these 9 patients wereevaluated. Clinical and demographic characteristics of
patients presenting with and without RA were not signifi-
cantly different (Table 2). In 5 of these patients (55.5%), the
RA occurred at the beginning of the acquisition, above the
anatomical level of the coronary arteries, and did not inter-
fere with the evaluation of the coronary arteries. In these
patients, 2 of 68 coronary segments (2.9%) were unevaluable
because of motion artifact. In 4 of 115 patients (3.5%), the
RA occurred at the same anatomical level of the coronary
arteries, and at least one coronary segment was classified as
unevaluable because of RA (Table 3), and, in 1 patient
(0.9%), the CT coronary angiogram was repeated after an
interval of 2 months.
In group 2, 133 patients (78.7%) had CT coronary angi-
ography data acquired by using 1 heart beat, and, in 87
patients (51.5 %), a PW from 70% to the next R wave was
used. There was no evidence of RA in any of the patients in
group 2.
Discussion
The introduction of CT units with 64 detector rows has
resulted in unprecedented spatial and temporal resolution for
CT coronary angiography, with subsequent improvement in
Table 3
CS evaluation in patients with RA (N ¼ 9)
Coronary grading scalea
Patient no. No. CS evaluated Grade 1 Grade 2 Grade 3 Grade 4
1 15 2 9 4 0
2 14 14 0 0 0
3 14 3 9 1 0
4 13 11 2 0 0
5b 13 3 4 3 3
6b 13 3 3 3 4
7 12 2 5 3 2
8b 12 0 3 5 4
9b 12 1 1 2 8
a Grade 1, excellent (no artifacts, unrestricted evaluation); grade 2, good
(minor artifacts, good diagnostic quality); grade 3, adequate (moderate
artifacts but still acceptable for routine clinical diagnosis); and grade 4, poor
evaluability or unevaluable (severe artifacts impairing evaluation).
b Patients with RA at the same anatomical level of the coronary arteries.
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with a 16-detector-row MDCT [5,13]. The reduction in
gantry rotation times from 500 ms to 350 ms has signifi-
cantly improved in-plane temporal resolution and, in
combination with the routine use of beta-blockers, has
resulted in reduction of cardiac-related motion artifacts,
improved vessel visualization, and improved accuracy in
evaluation of luminal stenosis [14,15]. Additional advances
in multisegment reconstruction [16], ECG editing [17], and
raw data reconstruction to achieve motion-free coronary
segments [18] have also contributed to increase the number
of assessable coronary segments. However, RA renders such
tools ineffective in generating diagnostic CT coronary
angiograms [19]. The increase in z-axis coverage with larger
detector systems has significantly decreased the overall time
taken to acquire data for CT coronary angiography [8]. As
demonstrated in this study, this is a very important factor in
minimizing the incidence of RA.
To our knowledge, this is the first study to specifically
address the occurrence of RA in MDCT coronary angiog-
raphy and to compare the incidence of these artifacts
between scanners with different total scan times. Our study
contributes to prior knowledge as follows: first, it demon-
strated that approximately 8% of patients referred for CT
coronary angiography on 64-row MDCT, in an experienced
high-volume center, experienced RAs, despite extensive
coaching; and second, although respiratory motion may not
inevitably compromise the diagnostic yield of CT coronary
angiography, when it occurs at the level of the coronary
arteries, it can severely compromise image quality and
ultrafast CT coronary angiography virtually eliminates RA.
Few studies have addressed, directly or indirectly, the
occurrence of respiratory motion in CT coronary angiog-
raphy performed with 64-row MDCT. In a qualitative anal-
ysis of 50 CT coronary angiograms performed on a 64-row
MDCT scanner by using retrospective ECG gating, Pannu
et al [20] assessed coronary segments for degradation from
cardiac and RAs. Although the definition of RA was not
described, the study did not detected RA as a factor in imagedegradation. The small sample size, however, limited the
conclusion regarding the effect of respiratory artifact on
coronary evaluation. Husmann et al [21] reported that body
weight and BMI were the determinants of the occurrence of
stair-step artifacts in the chest wall of patients undergoing
64-row MDCT coronary angiography with prospective ECG
gating. However, despite practicing breathing commands
repeatedly and carefully monitoring all patients during the
examination, 8.3% of the patients (13/156) were excluded
from the analysis because they did not follow the breathing
commands properly, indirectly revealing a potential source
for image degradation [7]. The investigators stated that the
impact of stair-step artifact on coronary evaluation appears to
be irrelevant [22], but evaluation of image quality and the
impact of these artifacts on coronary evaluation were not
performed. Our study is in accordance with the indirect
findings reported by Husmann et al [21]. We detected,
despite careful coaching of patients before and during the
acquisition, RA in 7.8% of patients undergoing CT coronary
angiography with 64-row MDCT. In addition, we
demonstrated the potential for respiratory motion to degrade
image quality when it occurs at the anatomical level of the
coronary arteries. In 4 patients (3.5%), at least one coronary
segment with a diameter >1.5 mm was unevaluable because
of RA.
In our study, all the patients were capable of breath
holding for at least 10 seconds, and none were excluded
because of poor breath holding. We could not correlate any
clinical or demographic characteristics with the occurrence
of RAs. Although the number of patients presenting with RA
in our study was relatively small (9/115 from group 1), none
of the 169 patients submitted to CT coronary angiography
when using 320-row MDCT (group 2) demonstrated RA. The
only differences between the 2 groups were the use of beta-
blocker before CT, the HR during data acquisition, and the
duration of the acquisition. Although the mean dose of
metoprolol used in group 2 was higher than in group 1 and
more patients in group 2 received supplementary intravenous
beta-blocker (10%) in comparison with group 1 (none), in
both groups, the achieved HR after the administration of
beta-blocker was much lower than the target HR of 65 bpm,
which indicated adequate control of cardiac-related motion.
Despite the more aggressive beta-blockage strategy in group
2, it is very unlikely that cardiac motion would directly affect
the incidence of RA and vice versa. Therefore, the most
likely determinant of the absence of respiratory artifact in
group 2 is the ultrafast total scan time provided by 320-row
MDCT. This finding demonstrates the importance of faster
total scan times in preventing, and perhaps eliminating, the
occurrence of this patient-related artifact. The absence of
table movement by using whole-heart volumetric acquisition
provided by wide-area detectors also contributes to the
elimination of stair-step artifacts, not only in the chest wall
but also in the coronary arteries [8]. This is an important
technologic improvement that eliminates data misalignment,
which is frequent in studies that use 64-row MDCT with
prospective ECG gating [21].
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scenarios, such as in coronary artery bypass graft imaging
[23], in which the breath-hold time is usually substantially
longer than 10 seconds. However, the routine use of
supplemental oxygen in patients undergoing CT coronary
angiography with 64-row MDCT for the evaluation of native
coronary artery disease has not been systematically studied.
This is probably explained by the relatively short acquisition
time of 6e10 seconds and the expectation that the majority
of patients would be able to perform the breath hold without
requiring supplemental oxygen. We demonstrated that
a faster total scan time with volumetric acquisition of the
entire heart in a single gantry rotation can potentially
eliminate respiratory-motion stair-step artifacts, thus
avoiding prolonged breath holds and the need for any
supplemental oxygen during the test. In addition, patients
incapable of performing a breath hold of 6e10 seconds, and
so unsuited to 64-row multidetector CT coronary angiog-
raphy, may still benefit from ultrafast volumetric CT
angiography.
Only a limited number of studies reported the radiation
doses of CT coronary angiography performed with 320-row
multidetector scanners [8,24]. Our study demonstrated that
ultrafast volumetric CT angiography performed with 320-
row MDCT and prospective ECG gating is associated with
lower radiation dose than CT coronary angiography (CTCA)
performed with 64-row MDCT and retrospective ECG
gating. Future studies that use narrower PW widths in
prospective ECG gating with 320-row MDCT may demon-
strate additional dose reduction in CT coronary angiography
[24].
Our study has some limitations. First, the retrospective
study design limited our ability to perform a sophisticated
analysis of each patient to evaluate the level of comprehen-
sion and compliance with given instructions; however, our
cardiac nurses and CT technologists have several years of in-
depth experience in assessing and instructing patients before
CT coronary angiography by using a patient-focused
approach that attempts to ensure that the instructions are
delivered in a method appropriate to the patients’ level of
understanding. Second, the methods used to define RAs in
this study were chosen to achieve a high specificity for
detection with a consequent decrease in sensitivity, because
it can potentially be difficult to differentiate mild respiratory
motion from cardiac motion artifact; however, cardiac
motion does not produce a stair-step artifact in the anterior
chest wall and usually causes blurring only in adjacent lung
segments (right middle lobe and lingula), whereas RA would
be expected to be bilateral and to affect more than one lung
segment, and, therefore, it is possible that we may have
underestimated the incidence of mild RA. Third, we did not
analyse the coronary segment evaluability of all patients.
Because the focus of this study was to specifically assess the
effects of RA, only the coronary segments of patients pre-
senting with RA were reanalysed, which limits comparison
of the overall diagnostic performance between the different
scanners used and the relative contribution of RA to the totalnumber of nonassessable segments. The impact of cardiac-
related motion and calcification on coronary-vessel evalu-
ability has been extensively addressed in previous studies
[25,26], and it is thought to be the major determinant of the
number of nonassessable coronary segments in CT coronary
angiography. Because the in-plane temporal resolution and
the in-plane spatial resolution offered by the 64-row multi-
detector scanner in comparison with the 320-row multi-
detector scanner in our study are similar, the contribution of
cardiac-related motion and calcification to the number of
nonanalysable segments is expected to be equally similar.
In conclusion, RAs are important in CT coronary angi-
ography performed with 64-row MDCT and can impair the
diagnostic utility of the study in up to 3.5% of patients.
These artifacts can be virtually eliminated with the use of
320-row MDCT with ultrafast scan times. Prospective studies
are necessary to demonstrate the overall impact of this new
technology on image quality and diagnostic accuracy.
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